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Because urban areas appear so often as a dense, highly developed core, surrounded by irregular rings of diminishing development (Dickinson 1966) , the gradient paradigm is a powerful organizing tool for ecological research on urban influences on ecosystems. Like natural environmental gradients, urbanization should present ecologists with a rich spatial array to use in explaining or predicting environmental and ecological effects. Urban-rural gradients, moreover, provide an opportunity to explicitly examine the role of humans.
WHY STUDY ECOLOGICAL SYSTEMS ALONG URBAN-RURAL GRADIENTS?
From an ecologist's perspective, urbanization produces a variety of unprecedented and intense "experimental manipulations." Examples include changes in: (1) disturbance regimes, (2) biota, (3) landscape structure, (4) physiological stresses (e.g., air pollution), and (5) cultural, economic, and political factors. In most cases, both the spatial extent and magnitude of the manipulations are greater than those that ecologists are typically able to produce.
The coarse-scale, anthropogenic manipulations of ecological systems along urban-rural gradients provide an opportunity to address basic questions at various spatial scales. For example, questions related to hierarchy theory could be addressed. The central problem in this theory is to determine at what scale ecological processes and patterns uniquely appear (O'Neill et al.
1986
). The relative influences of urban and natural environmental factors on ecosystem patterning, and the extent to which ecosystem processes are also influenced, could be examined most easily along urbanrural gradients, where human influences can be directly quantified.
Likewise, a number of questions that fall within the framework of disturbance theory could be examined. In disturbance theory, manipulations of disturbance regimes are used to determine the significance of different disturbance types, intensities, and frequencies in communities and ecosystems (Pickett and White 1985) . The study of the interactions between urbanization and disturbance regimes and their effects on ecological properties provide an excellent opportunity to advance understanding in this general area.
One specific question that could be addressed using changes in disturbance regimes along urban-rural gradients is the balance between autogenesis and allogenesis (Kolasa and Pickett 1990) . If various disturbance and stress factors can be attributed to forces either within or outside the community, then the balance of internal and external control of system organization can be contrasted along the gradient.
One additional area of ecological research that could benefit from studies along urban-rural gradients is that of species control on ecosystem fluxes. The simplification of community composition and the introduction of new species in urban areas provides an opportunity to address questions concerning the mechanistic role of species in ecological processes on higher levels of organization.
Finally, the intimate involvement of humans with the urban-rural gradient suggests that it would be an unparalleled situation in which to integrate humans as subjects for ecological study. Human ecology is the discipline that inquires into the patterns and process of interaction of humans with their environments (Boyden 1977 , Boyden and Millar 1978 , Vayda 1983 . Human values, wealth, life-styles, resource use, and waste, etc. must affect and be affected by the physical and biotic environments along urban-rural gradients. The nature of these interactions is a legitimate ecological research topic and one of increasing importance.
Clearly, the interactions among various anthropogenic factors and between anthropogenic and natural variables make urban-rural gradients potentially complex. These interactions must be assessed before analyses such as those suggested above can be carried out. 
SPECIFIC QUESTIONS ALONG THE URBAN-RURAL GRADIENT: AN ILLUSTRATION
We have indicated how the study of ecological systems along urban-rural gradients could be used to address topics of general ecological interest. In this section we will discuss several specific uses of an urban-rural gradient, drawing in part on our study of ecosystems in the New York City Metropolitan area. The region includes a readily measurable gradient of land use radiating from the New York City urban core to suburban and rural areas at increasing distances from the city (Fig. 1) . Remnant forest patches still exist in the city as well as elsewhere on the land-use gradient, providing an excellent opportunity to investigate long-term human impacts on forest ecosystems. and integration of studies is required. The framework must account for: (A) the factors that constitute urbanization, (B) the effects of urbanization on the biota and physical environment, and (C) the resultant effects on ecosystems (Fig. 2) . The constituent factors of urbanization and their biotic and environmental effects are each divisible into three realms. In order of increasing complexity, these realms are (1) physical structure, (2) biotic components, and (3) human culture and institutions (Fig. 2) . The physical and chemical environment and the dynamics of natural and seminatural populations and communities can be affected by urbanization in many ways ( Table 2 ). The conceptual model serves as a framework that will be filled in as the study of ecology in this new context matures. Ultimately, specific mechanistic, predictive, or explanatory models will be constructed to quantitatively describe the interactions and components of the conceptual framework (Fig. 2) . Ecologists usually only study two parts of the threepart model (Fig. 2b, c) and do so most often in nonurban systems. Explicit study of the aspects and features of urbanization (Fig. 2a) as well as their effects (Fig. 2b, c) is an underutilized area for ecological research, but one of increasing importance given the extension and magnitude of anthropogenic effects today.
CONCLUSION
The growth of metropolitan areas in North America and indeed worldwide indicates that knowledge of ecosystems under the influence of urbanization can only become increasingly important. The magnitude and nature of the change in the physical, chemical, and biotic environments that are associated with urbanization provide an unprecedented suite of "experimental manipulations" that ecologists can utilize. We propose a framework to guide the design and integration of ecological studies along urban-rural gradients and indicate its utility for addressing basic ecological questions. Finally, we suggest that the study of urbanrural gradients provides a new context in which to integrate humans as critical components of ecological systems. The results of these studies will not only contribute to our understanding of basic ecological principles, but are critical to the ecologically sound management of human-dominated ecosystems.
